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^mn^ JE*^^^ (piezoelectric single crystal), JBE®:^^^ 
^^(piezoelectric single crystal device) ^3 J; U^-t <0 Mat Z^^fejfe b tJ^ 
izm 1 {ei^-r 5 1 - 3 =t VtKv^j/ b (composite)JEm*^{^H-f'5 

# (21 S^^^^'o'#^ (electromechanical coupling factor) ( k 
kas) J; tFff«^^^ (piezoelectric constant) ( d d 33) ^<^JBE 
:e^5l5<^3^^ff«5^^ (sintered piezoelectric device) :k. 
^'^^^^ ^-^l^ (lead zircon titanate, Pb(Zr, Ti)03 ) (PZT) 

Pb ( Mgi/gNbj/a ) Ogdead magnesium niobate) — =^ ^ > W.^ PbTiOadead 
titanate) (PMN-PT) Pb (Zni/jNb^/a) Ojdead zinc 

niobate)— ^i5^ i^^^ PbTiOgdead titanate) (PZN-PT * fc PZNT) 

^(^:S#:3^f^Sr^^;^lRl (polarization direction)3 (gAI^, :^^:;^|BiJ Sr PD h 
$5^-1") ^U. :$>li^rR]PDtc:®JE^;ei^(tfc^<^:$^@;^lRlPDOMilj(l5l;^[R]^ 
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:^m^itm-t^m:^ \^MWi^—Hlongitudm&l vibration mode)<^m^^^ 
^;^lR]PDiclE^i-^::^fRl 1 (^;&'[R]^iJj^— Kdateral vibration mode)) CD« 

£Em^^^^^i^loV^THi. -^X-ri. i^M^6 - 3 8 9 6 3 -^<2^^ 

leifis M#&=^^:>'mi&-^t5'>'il^ (PZN-PT) ©S^^i^^^d^b'fcS 

JE«^^^^lav^fc^^^^>^^— T'CuItrasonic wave probe)^^ $ tUT 

33) }as 80~85% v^fc^e>^^<^^v^>^^— ^^-<e>tb 

Ml&=:^:/ill&-^j5^i^m^ (PZN-PT) ^ffe 5 m^]^ 
^<7)^^^=f5/ ^ (ingot) ^-O^lJ^ai — (wafer) (S^) fi. ^^(0^.%,^^ 
^N-JlSf-efeS -:^/V=i >'^i? Pb(Zn,Ti)03 (PZT) l3:)fc|SS UTiS-fffit? 

So Mia^^^^T'^i^ (PZN) ©ft:b tC-^:^^;^ V^7i^:=.^:/^^^ (PMN) 

itm^^liL^ ^ t7 :i=>^^:^-:f"^^-^ 9 ^^n.^ (pmn-pt) t^^fsi^mn. 
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mKowmi-i. m^^w^^tj:*5tt5m{b^ (pbo) ©s^-efe'So 
^m^^ ^(o^^mi^(D m.mf^i^^fcnmi^i^ (sintered 

compact) ^ffiV^T^ ^MMl-^ — Ir] IJI^H $ 5 . \f^t>vp^m 

y 1/ -J^-^l^m (Melt Bri dgman Method) , S Vn :7 7 S/ ^ ^ (flux) 

y (Solution Bridgman Method) fs: if K X 

<^>m<^^@i©m-e. Bfao^^ifc*=»6>-f tt:fe:jEm#tt©<SVNy?-r n^u 
r*a(pyrochlore phase) m \^t^ ^ . ^^^-i ^ u T^(D±^Ki^m 

(wafer)Hx^;as^U< iSTf-So ^*5, ;l^-ev^5 r^^iUi^j ^ 

Sg|5:»'<^^*<^W:»-^ (%) ^it^-rSo *fc. r^^oiw-yMUj^j ^(^^ 

#6>tl.fc^^^lfi5:»'^. I7-r •^-y-(wire saw) ^(^^J^^AT'Elfa 
x-?^ n ^ n T^BJ^f^^ ^ 5/ (^^V^'et:^;^ — ^NO^fc^OWr^^^ (%) 

(crucible )c|3 0^^(^)^;g 5 Jg.^^, iS: -5 O P«g ® {C ^ 
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B3 JEm^^^^^:bOX^O^i/ t'^^iJ^ (chipping) <^)^ 

mU.FfM<^JBE«5^^?^Jt^t^¥^§S« (single crystal plate) ^§J>) W-f 

(dicing saw)jfeif<^)§J^ffi*-eMM©^«feiJ:s ^^UT#btbfc^^* 

(%) ^^^-rso 
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:^^m(DU^n. -^^^t^^ J>>=-:=^ym^-'^^ (PMN-PT) 
-^fcYt. Ml&:=^:^::7'@l^-^i? (PZN-PT *fc« PZNT) 

:^^m(OS.mm^^\^^ -^^^^v^t^ CPb (Mgi/aNb^/a) 

O3] ^fnnM^=^:tZf^^ CPb (Zni/^Nb^/a) O3] : 35-98inol%, *3 J; IF 
^iJ^^-^lft [PbTiO,] : 0. l~65mol%, ^Vi?!^^;::;^-:/^!^ [Pb 
(Ini/jNbi/2) O3] : 0. OS-SOmoiyo^-^^f 19 s ^(Om^!^ 

(D^<D^ l&o 0. 05~i0inol%dS;&/V'v'!J^ A ^e^$i^TV^<5^-a'^^ 

2t^^5l«, ±15^^121, $e>t3:Mn, Cr, Sb. Al, La. Li 

*3 J;t^ Ta e>7irftU'5 4^75: < i ^> 1 OtDTC^^a^-g-tf-T? 5 mol%e;LT 

±IS(Z)JE«mM^<^^ :/=^5' h <^ [001] ;^IrJ^ 
r^a^^l^o^ ^ti.{2:«tSTfi:^i-S [100] -^^h [010] ^IriSt 

-^tpffiT'fcs (0 0 1) m^^m^m^-r^m^^mt-r^m.:^\P\mwi 
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^(D^m(om^:tM^ [100] ;^(R]*fcf:i [oio] ^^iri^o" 

fct^iZ., 0° ±15° (mv^^;t'5 i . [ 1 0 0 ] #±15° (D±W^ 

£JLrt> *fc«:> [0 1 o: |ft±15° (D^i^^nSli^) fc5V>|i, 45° ±5° 

M Clio] m±5° (D^i^nu^) x-fesjEmm^ 

^ ^fn^^n^:^[^(omWi'^— h\ IP*>^ (001) ffiSr 

^ft^ ^^mit. Jtis©jEm^5^^B<^?-r ^^=^5' ci i o] ;&-[r] 
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-t"'<#:3^fRlt^x 20 ~ 200*0 <^l§.^^H-e 350~1500V/mm (DW-^M^^^ 
M-r^ib^. •ktl}•im^^^M^^^^<^^=^V (Tc) J;!9^^V^m^ 

-e 350- 1500V/ mm ©it:«ft«l?-^33^}D bfc^ 4^?!.* TJ^Sp-f-S ^ 121 

iZL^ 20~200'C(DiaSISffl'e 350~1500V/'mm (DWiM9,M-^^M-t ^ f)''^ 

t.ti}tm^^^m^un(o^:^v -m,m. iM J:^9«v^^a^-c 350- 

isoov/mm ©ii:^fEmil-<ir RiAn ufc * ^ ^?a^ -e^^sp-T s ^ tj: ioX-b 

-r -5 -hffi © JESmJ^ ^ m ^ ® mat S „ 

So 

H 1 : 1 - 3=1 ^'JKi^iy hJE « ^ — 'e?i| 

0 2 : (Rl ^- Kom^a^^-^^ ^k33 Sr^tJ 19 fSJE m ^ ^ ^ 

03::9-^:;&'[Ri3(^fcr*. PD) {ctsf^E^t-s::3^iRi i(^;^rRi^Sb^--K) <?5m 
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®7C: i>a:^fR][ooi].PD lc{5tSii:^'f-5;^FRi[iio](^;&fR]Mtt^— K)<^) 

IRI 1 ^^-f-^T'^^o 

g|8: PMN-PT(PZNT)(D3fa0 (phase diagram) 'T?fe5o 
09: PZN-PT(PZNT)<D^agl(phase diagram) ■T?$>5„ 
010: /WsK— 7 = :^S^/^>;^^^^S?^0"e&S„ 

(^f-i-O^eg.) 
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c': ^i^^Bm^(Da^<o^'m 

c": ^Jg^B^^^^Da^l^©^® 

i:=^;^lRj^iii*-K<^ ^^iJ^B-rs^^Sffi T o?feli::^iRi (^SSi;*r [r]) 
PD •^it}-X 3::$^@^iRi ($glMi&:3^[Ri) 
^ eg ^ ^ Jfe -t- s <^ ^ ^ M 
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: 35~98mol%*5 J;TJ«^i? >'^|& : 0. l~64.9inol%, ^ 
J=s:^:ffm^ [Pb (Ini/^Nbi/j) O3] : 0. l~30mol% $r-^5g--f-5^^i^T?$, 

(1) •^:/;^^'!>i>. = ;^-ym^ Pb (Mg^/aNba/a) O3 (PMN) ^^tfi. 
Pb(Zni/3Nb2/3)03 (PZN) : 35— 98mol% : 

^ ffi icii Ufc;fc: # $ O fa ^ W # Jfe V ^„ 

;&*5. •^jJ^^^/!j7-fc.:=^:^-:7^M^©05il^Hf*. 50~98inol%-efc «9 . 
*fc. M^:=^;e->^@l^<^>^f5imffl«^ 80~98inol%-efeSo 

jfe*3, -ri/;!^'^!^ A = Pb (Mgi/3Nbj/,) O3 't'© Mg t Nb (Oit^ 

Mg/Nb (55^/wJt;J:i^ 0. 5i:>io-cv^S;^s^ ;itvi;:RB51><^-Cfi7ic<.Mg/Nb 

0. 45—0. 540^ffl-efeJ^r^^ :*:B?^<D^S-^fcSo ^.(Ofcisb.-^ ^ 
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M.=^:t':/mm^ pb(Mg. Nb) O3 a:v^5^m^^:u•r^>^ v^„ mm\^. 

=-yi-':f^^ Pb(Zni/3Nb2/3)03 f^(DZnbm} (Dit^ Zn/Nb (D^JVii,n^ 0. 5^; 
3feoTVN5:as, rtbl-^'5'bO-t?fi3fe<.Zn/Nb O^/WifcFi, 0. 45—0. 54(7>^ 
mX-hifh\ts:^^m(D^mx-:h^o ^(Df;iif>.m^=-:^y'm.^^ Pb(Zn, Nb) 
03tv^5^^^^:UTt>Sv^„ 

;i?*D, -r A:=^;e-:?'mi&*fcl*M:^=:^:^'MI& : 35—9811101% 

*3 J;TJ5^^ ^'H^ : 0. 1~64. 9mol%Sr-^^-f-Sffi^'^^ UXf*. ■4i-^<7? 

-E^dx-f^^ '^^:^->^M,=-:^-:fm^ • ^^^^m.^ i^mm CPb 

(Mgi/sNbg/a) 03]o.68 [PbTiOg] 0.32 (PMN68- PT32) ) • 
(ft^«?!l : [Pb (Zn^/aNba/,) OgDo.^i [PbTiO,] 0.09 (PZN91-PT9)) 

(2) Ai=.^:?'|fei& [Pb (Ini/gNbi/a) O3] : 0. 05mol% ~ 30iiiol% : 

^ ^'i^ij? tft^-r ^'v^i:^ A (In) (D^ ^ 

:^^^^J^ (Mg) -^M^ (Zn) J: 19 rS^^t^ V^^S=l;^-:/ (Nb) J;t)^*/^$V^ 

iBg^tb'S^^:^-^^ (Nb) ^^^yp (Mg) (Zn) ^(D-f 

l&f* 0. 05mol%ij;Jbj^Jni--5 ^ i: 30iiiol%SrM;tS^iP 
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;fe*5. >^i?^J>.=^^^m^ Pb (Ini/jNbi/j) 03"^© In i: Nb OJt^ 
In/Nb (D^/Htfi, li:?feo•rV^5^S, CltblC|SS%Ot?Fi>5;<. In/Nb (^^/VW: f*. 
0. 95—1. 04<D|SH-efctiri>^^?^<^^ffl"t?feSo rcOfcJ?). ^ Vv?!:^ a 
Pb(ln. Nb)03^V^P^m^-UT^^V^„ 

(3) VSI^ PbTiOadead titanate) (PT) : 0. 1~64. 9mol% : 

35~98mol% : *5 J; U^-T V I? A c=i : 0. 05~30mol% ©^ffPliS ^ 

(4) ^^*S-^4'<^I&<^ 0. 05~10mol%d5;i7/^->ij7 A : 

^^=^5^ b <55m^*^'f' (^^^^ff) <^^<^> 0.05~10iDol% 

f^iJ? >'^|&^^^ t ^V^o fe'5V^^*, ^'fb;«/.'^i/ !^ ^7 J^-^^^;&/^ 
Ufc#^fis :^^#SrW^4'i-. M^bJ^Z/U^^e^ Atf'0;^7/Wv'!j7i^ (Ca) 

^*:d^e> Jfc'5j^S*&iF-<7)^ (Pb) i^-T h (13 5 R -f ^i^) O — gPt^Sil 
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IB Ca (Di^m^^M^'^?>fci(>. 0. 05iDol%JeiJ::g^-t~^ - 

i 5 :5M0inol% ;t 5 fi^»:is#^S <^ W^:6S ^ jfc 6 „ 

;iOfcJ??^ ^^^^^'©i&C? 0. 05mol%~10mol%}e)S;^7/V'i/l> A 
tb•rV^S©:aS^S^^ CV^„ $ h \^^^^^^^<0^<0 0.05mol%~ 5inol% 

(5) Mns Cr. Sb, W. Al. La. Li ^ XX^ Ta <D b 51 rf S 1 

JtHH^ £ r (Relative Dielectric Constant)-^^*^6^i5nSf -^^Qm 
(mechanical quality factor) ^i^^ < -t ^-^^^ ^ ^^^i^f^- 

Mn. Cr, Sb, W. Al, La. Li J; U« Ta O ^Fjtn 5 1 S£i -ii<^7C 

^^-^fl-T 5inol%SAT^*nb-Cl> <3:V^„ -a-fi"^ 5 mol% X. S ^^10 « > 

^m'Sr#5fcfe{Ctt. Mn. Cr O b S tl. S 1 * ife: » 2 Ji©5c^ 
-a-ff-es 0. 05mol%4sJLJb©^JB;iS^f * bV^„ fc Sb. La. W. Ta O^APtC 
J: t) ltfl«^:&5[^Jb-t-5o ;iO^:P:^Sr#SfcJe>l::«:. Sb. La. W. Ta © 
\H7b^bmf£fh^ 1 *fcfi 2 £i_b<^)7cm^'a'tl--es 0. 05inol%jsl_b(^)^:an:dS 
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(6) ^(D^^mm 

^fc. Fe. Pt. Au, Pd, mfJ:t'(D^m<^\t. ^M^^ Mi (D m^^MU 

^-l';*-;xi?^i<H 2o£Jl_b(^)lg|^07C^'l'^:/(:ir'^6*Jl^lf*. Mg, Nb, Zn, Ti, 

^btc:^'6L*&-^<^#^'i>^«^f-t^^*&'J^^^S'- Mn. Cr, Sb, W, Al, 
La. Li. Ta(?^V^-f^^^^laeJL-bSriB«Ufc«^t>^^51<^^ffl•^^So 

U;6*U W^=^ <^^i^ ^ -^^^^^^^'hd^b-i] !3 W ^ ttfcms^ * ^ <^«"ef^. 
(electric dipole)(Dm'^i)^h^i:^y'^^^^^^^^^^^^^^'^^^'^^^^^^^ 
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m^<D:)jm^\pi<^<<^)^M>^oM^^U^(0\^t^'^U:^^ pd(— 

80 % £JL _b # Jfeffi «t 5 t-J^^ o 

(8) ¥5^#B^^(^?^2l^: 

^^^^^<,r>^ >'dr5^b<z) Cool] pd ^ ^ 

K05m^m«^-a-#ii: (k33) ^ftJffi-rsflEm^^^B*^^ 
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uv\ m^. M*Uv^^^=■<D?^*^^:i^ ^m:^\pl P D tJiE^-Tsm^^ffi T <D 
S/J^5a<^>:ft $XttE^^ a 5>^:fe-rRj PD KW-nti::^[^(Dm^^^ 

t-r^ , a t hi^-b y Si ^2.5^ X ^ UMi^fi b/a^3. 0©^ 
#^Sr?tS-r5 r UV^o b / a <2. 5 ©^-g-lcj^i, ^^;S^b 

;6Sflfc<^;ft$ (a *fc«> c) t3£< <9 . @^^itl^:6Sg§3£f SfcJe). iiS^;^ 
iRloMi&fcft^^^tz:^!? m-f-:! ti)^-^^ ^< tn ^ ^ ib^ h 

^fc. ±fs©jEE^¥^S^ffiv^T. ^©-r v=ry b<z> [1 1 0] :^ 

\^^^m:^ipi PD ^ ^tvi^^n^£:^\^(omwi^'- k. ip*>. ( i i o ) 

b/a ^2. 5 <^)M#^tr?ilS-t-S r ^ :6S0^ bv^o 

[0 0 1] :^]^^^m^\^ PD i ^tbtJitai^fiittJfc^iRjCioo] 
«^Miti^— K. ipt>. (10 0) m^^m t ^-t-^^;^iR]^i!]^— 
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(9) rJ^igi^lR] PD lc:E^1-'5^lR3l(^>^l^^iiJ'^^K)<^^^^^^-^'^ 

10] ;^lR];lr 0° i bfci #tJ:. 0° ±15° (•S-v^^;t§ ^> [ i o 
0] *ft±i5° c:>5i:#::^SiF*3s [o i o] |ft±i5° ©3i:^*::^ Jsirt)^ 

fcSV^^i, 45" ±5" (mv>mx.^^> [1 1 03 #±5° (D^iif^n 

[001] ^^[fij^rJ^a^&'iRjP D i: ^tulc:fai^ti:2S-r5 C i o o] 
;^ipi*fcfi. [0 10] ::i^iR]^'^f:?®T-fc5 (o o i ) m^mm^^m-t 

^m^o^®T<^^feji&:>^I^>J i j&s, [ i o o] :&\^i^ft\'i [ o i o] 

0° tX^tit^i^. Bl 6 (DjES^^^m^A^H 7 A ^ 7 B (Jl^-f-J; 

^KO" ±15" is>ti^©Rliil^oSc#::^£itrt (Sv>m;t5i [i o o] # 
±15" ©3:£^:^lsAi^. *fcf* [O 1 0] |ft±15° (D±i^^&^\f^) i^fcti 

^ 7 cfc^-Tj; 5 1- 45" ±5" sx}^<opim^(DAi^n&^p^ (mv^ii^s 

t [110] |ft±5" (D:iLi^nsJ^fH) -x^fe-s r ^ :eiS0^ uv^o m?. 

17 



wo 2005/035840 



PCT/JP2004/015558 



iz.^-rx 0 \z^m^m(D co o i ] :^m^o'' ti^tzt^ o" ±15° 

(mv>m^6^ [0 0 1] #±5° (DyLi^^^f^) hf^^o 

i^^l^ids. [1 0 0] :^i^*7^cr± [0 1 0] ::^l^a^o'' ^ 

^^H£il^o:>:^Se '5!5^ffl-efe2>15' <0<4O° 5:1/50° <e<75'' (7)^ 

KT'}*. iRi <ioo> $ft tcffE^-rs^® <ioo> iHi i: <i io> iRi 

ISICKSIO). <210>, <320>^<D^it^<^)^^lft:^^dS#^EU. ^He>(Z>;^iR] 
(impedance curve)lJ:;^7'yT;^(spurious) (ft^c^SLtb) m^Wi 

(10) 1 - V^^M^ 

^jc^ 1^ <?5 1 - 33 ^'jj^i^y hjffi m ^ ^ X la 1 ■r.t 5 1 =fs ^ff ^ ^ 

A0*-fc755'^^■®^5^^ 1917—1925 •:^#^)„:^^?gt?f^. ISE;&f^I^ 
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(1) mmmf^M>^^^^yV(Dm^it: 

^if^-y^J>.^ir'f'^^ [Pb (Mgi/3Nb,/,) 0,3 ^ fc:tiMI&^^:/m 
m [Pb (Zni/3Nb2/3) O3] : 35~98mol%. :J3 J: TJ? ^ V ^ ^ [PbTiO,] : 0. 1 
-64. 9mol%. ^ ^'i;?!^ A=^;e->^SI^ [Pb i\^u^^^n^ O3] : 0. 05~30]nol% 

^1g^$tb-CV>5jaj^iz:. ^ iK-'Mt-^S CT. Mn, Cr. Sb, W. 

Al. La. Li *3 j:t^ Ta (Z) F*3 b 51 H 5 1 Si^ «^ TC^ ^-a-fi-C' 5 mol% 
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fcfi. TSSG&(Top Seeded Solution Growth) ^#i:UT(i. MM 

(2) mmm^^-(:y=fyh(D^^^mj:^U<D^^: 

fi. ¥^^-YV=f5^h<D[00l]|ft:;^^%^^73:^(Laue method) 121 J;oTtE*a^fc 

}'X.^s^K}t^CXlll0l^ [1013. [oii]tt;^^^^o^^#6«j;&-^Sr«t;fe^ 
[001]$*. [0lO]$fi:s.U«Cloo]|fi^<DV^i*tl.;&^©^^Bl^^^lil:^■r 

S3^^^6<J®{1OO}®^?9F0U =^^y^:^f^:^iSLm^m(X-ra.y direction 
finder)^feaf^ffiV^"CJE^^feJfc^^^^^U. -bffiOWSM <7>XW^^iE-r^o , 

(3) m^©f(5i^'fem$0!J'^^^ --<^)§]»f): 

{100}SlJ:^^TXfiii:^UT^^^-rv=fyh^I7xrir— y— (wire saw)XJ*F*3 
^ J)§3^a(inner diamond saw)?fe^ <75§]ifatrffi V^T§J f^U. 5i-g3Jfe^^<^) 
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(4) MMiWi^(Om^(Dt^=^-''^—^<DmB): 

_J::|BO!j73iy'N>— ^75/t°i^^^(lapping machine)^ 5/ V^'::/^ (polishing 
m&chme)f3:i^ (OmWm JLUmmmisTinding machine)tCj;oTWg!lXJ»liU. 

(5) ^^fH*S(¥^^^^)0Mf^: 

gI7A, gl 7B*3J;TJ?^7 C{j:;^-rJ; 5 {-^ [0 0 1] :j&-lR]^:$^-tii 
;^tRj PD ^ Cioo]:fe-iRji: [oio] :^iRj^Sr 

-g-tfffi-efc* (0 0 1) B^SiUlJi^ef-t-SffiiSriSDST ii-5JEm:^ 

j^^m^o^-a-s -^coj^ffi T (Dmm:^m i o 03 :)jmt.tc\-x 1 0 

1 0] :frlRl^O° ^ Lfc i 0° ±15° (DPim^<D^iil^niH (s 

v^m;t-5 [ 1 0 0 ] #±15° 03:e^:^f^, *fcf* [0 1 0] IS ±15° 
©3S:#::^II^) fcSV^^^, 45° ±5° (D BmVt(0:iLi^'^ (■S-v>^;t5 
^ [1 1 0] |ft±5° (D:^Li^nP^) ::i<D^=^y^'-t)^^mM^ 
2bt Sr. i^^^i^V'^y ^(dicing saw)-^;?7$/X-i'>'^y— (cutting saw) 
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(b) [001] :^\^^^m:t^ PD t ^fi\zW'n^:^m<DmWi^— h\ EP 

(001) m^^mr tir^m:^mmwi^- }^<om%mm^^^m (k 
33) ^mm-t^EEm^i^rnm'f-<Dm^' 

^ 6 ©JBEm^^^m^ B iJi^-t" J; 5 (001) BidSi^ffiT ^5^5 J: 

(c) [1 1 0] ^ip]^5^a:>^[Rj t ^ti.lc^^T'fe::&iRi<^M»^— F> IP 

33) ^fijffii-sffm^^^m^o^-a-: 

m 6 oJEm¥Jfe^^^^ c {ji^-r J; 5 (1 1 0) B^ssffiT t 

i 5 [ 1 1 0] m^(r>^^:^m\^^ ^ ^ o \^±.^<o^m'mn 

(6) 

0 6 ojEm:^^**^ B ^fcf* c ic^-r J: 5 l-s ^;^fRiMiij 

(7) m@(Of^^: 

£^ s ^m=^ ^**u -rsiK^ M 
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AuS : ^^5^100-200 A) Sr?^J^-f-5}5^. zf^:X-^mmx-^ ^^MSr?^^i- 

(8) ^^mmmjin: 

^lRlV^fc«^^®^OlRJtSr:$^@;^[R] PD(— ;^|pi)lc|t^S:ii:ds-e#S„ ;n 

(PZN-PT) ^fcf^i. ^ ri^^ !^ -;^^^r^-^i5'i^^^^ 
(PMN-PT) (Om-^K. 80%&^±(Di^^ti:m^^'f'X^K^?>o 
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^ H ^$|J H -f-S Cl^ Pl |g -Cfe So 

20~200'C<^iy.^^ffl-e 350~15O0V/min <^)ii:^^fl:#^R3;?jpi-So -f'fe*?"^. 

a(Z)±IS'lit 200t}Srig;t-5i^-g-^^iOlil?-l5ffl©-hRR'li: 1500V/mm^M;t 
fcm-a-t-fixi^^^^C:^-^^— /Kover pole)) ffim^-tt^^-fb^ 

^^H^^^^^JN-O'Sr^y—ia^ (Curie temperature)(Tc)J;t)lg VNmS. 
aitCfi, 180~300'C©iaS^ffl-X? 350~1500V/'mm <DW.MM^^^lMVf:L 
«^i§.*-e?^^-t-S(@#?&iP (electric field cooling)) OdS, Jz^S^ji-rffeSo 

^^V—um (Tc)i!9]«VNti.^{3:-rSwi-e. S> il< 
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m(0±mW. 500V/mm ^Bx.ltl^^K}'^^ t^^U iy^—^"^^^^ Mover 

pole)) im^^. JBE«i|#ttSr^feMb$*6o :^fc. il^om J^li:J;>?^ ^ (om 

^c^y— -e^ix-fi. mstiims^ (DTcMi'^M'&^o Tcm.&^± 

(9) «lb5^«i^SIX@: 

S;^lR]©3SflS#:K^^:/(ferroelectric domain)(^S^Jit^^^Mlfe5^^^3S 

(direct current electric field) ^ ^''^/W:^ ft # (pulse electric field)> 
(alternating current electric field) ^ ^fCwtT/b<^)^#fl;# (steady state) 
(D\^i)^. Msft#(attenuation electric field)/j;if ^JS^,?)^ M^<Odk^-^^Mf^ 
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mii> 350~1500V/mm 3aSS^^UV^„ JfejS, ^^fii^f^f^i. Jbia<D^5i«gHrt 

¥-3^ fa ^ iSr ^ ttl -f- ^ y V iJ^ © ^ ^ Ij: J; S S ^ iUl ^ ^ T 

}cJti5sLT+^^#l-:^^fH^^:asiSit-e# S J: 5 iJ: o fc j?) . 
-e # >fc o 7t JK V ^ is; ^ 5^ ^ {z: -e # 5 JE « ^ % 1? t 
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MMm 1 

-=?^;^v'e7i^ = ^:/^|&[Pb (Mgi/gNb^/a) 03]© ID (Pb) 65inol%<D — 
§5^. Ca -e lmol%S^Ufc;«7/V^'!j7 V!^ [Pb 

(Ca) (Mgi/sNbj/a) O3] : 65inol%. ^ ^^mi^ [PbTiOj] : 32inol% *3 J; tJ« 
^ [Pb (Ini/^Nbi/g) O3] : 3 mol% ©)g&5l€^m-^ 

^Jifebfc^^ ^MUT 50inm* oe^^ o «=p {c: ^ U , ^Mm^ilF't'-C 
l350'Ct!:JnfiU-CSli^^ 20'C/l c mOMS^iBtf "T^-S-Ot^^ 0.5 

$ ^ 5 r a: t? . lil 9^ T* S [Pb (Ca) (Mgi/gNbj/a) O3] „. es CPb ( Ca) ( Ini/^Nbi/j) 
Oj] 0.03 CPt> (Ca) TiOj] 0.32^^ (PMN65/^PIN03-PT32 (Gal)) ^W^b 

)t:|fe©:fe:Je>> Ari:^-:;^m^^[Pb (Mgi/aNbg/,) O3] : 68inol% 

^^>jr:/^fp^ [PbTiOj] : 32mol%^:d^ h fS: ^ m^i^<^'B^i^'t 50mm (f. 
©fi^SofS4't-45l*Ab> IB£Mfi^jF^-C l330'C{::Jn^bTiil!^^ 
20X^/1 c mCDiy.^<^iB'=t'-e5o}J ^Ir 0. 5mm/ h © — ^5i^T-|^T ^ 

|!^^-e$>5-^i5^^i^e7 Ac=.;^y^ • ^t?- V^#&[Pb (Mgi/3Nb2/3) Oalo.ea 
[PbTiOsl 0.32 (PMN68-PT32) "O X t> I- fc„ ;itl/G>©^^ 
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1 i^^-to 

^lii^h. mmm-^h^ PMN65/PIN03-PT32 (Cal) ^^ffif*. it 
ii^lffeS PMN68-PT32 #3^^l2:i*:|feUT> ^^itZ^J^T^ iJ^ai — yMR^ 

mmm2 

0:^;&-?^:Kt-APXUfCo ^l^Tffli. [0 0 1] IS^IrI ^ U^cn — ^^(^>:ft;^®^ 
tsOffiO^^^fR] a: C 1 0 O 3 >^[rI25:TJ5 [010] :^\p]^^fh^ti 
1^m(D^B:^\^i^W^s^^ ISmmXijii 4inmX^^9^ 0. 36iiiin <D^^S^^, 

-g-^s J:tK^^^;KHx^(¥^A«^itX^= 1 0 0 f VrJ^^^Ji:^) 

2 3fc*5, >x:/^;(JPX}*-^^iJ5i^ 0.2mm/' s T?^Tofc„ 
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m2 7b^P>. ^mm-^h^ PMNeS/PINOa-PTSa (Cal) ^^Stt, it 
^^-efeS PMN68-PT32 ^^^i<^it^VX. ^ ^ZSL^ <0 ^ v 

[0 0 1] ;^iRj}Ji 0.36mm, [o 10] :Jj}fli^xx^ [10 0] 

tl^fl 4 mmSo J:T^ 13mm ©Tf^^^^o, 13mm X 4 mm XO. 36mm O 

^^^t5|S^O^[RIi-6(lOO)®■T?fc^JlT®^^:^;^''■^V^5'^&■^ Cr-Au^l^d® 
i iJ:CrS:ff^J^50A. B {JlAu® 100—200 A) ^J^^UT:^ 

T 7oov/mmoii:ifgm#^ 1 ^ra^;tjp-fs - 1 izx-ox^mi^.^m^ 
^wmm(Dn'^^i'¥mvfco ^mmx-h^ pm65X?im3-?i32 (cai) 

d^e>f^§Sib^JEm¥^^m^^. Jfc|S5^?!|-e3!>6 PMN68-PT32m^^d^e> 

(Pb (Zr, Ti) 0,) (PZT) tff^MUfc 

29 



wo 2005/035840 



PCT/JP2004/015558 



iP- (HP^fcS^. mn^-^ : HP4194A) V^T#bi^f=lk3l KO-f :/t:°- 

EMAS-6008,6100 ^m)K^-=>XM-mVTtia 

mst^h. mmi$iX*h^ PMN65//PIN03-PT32 (Cal) ^^^d^fcf^ 

T'fc'5i^/V=':^^^i?^^i& (Pb (Zr, Ti) O3) m^W^ (PZT) T^f^MU 

XoK PMN65/PIN03-PT32 (Cal) mU^U:^Xf^ PMN68-PT32 ^^ft^ 
<D [001] t b-C^ 13mmX 4 mm XO. 36mmOjEm 

W1^^m^(0^^mm(Dm^ CO o 1 ] :^};^KU?Si^ir^ (001) m t 

^:^\^MW}^^ VK^lB-t^ 4 mm XO. 36mm<D<^® T 
1 Sr. [10 0] ^b-lRl^O" . [110] ;&-lR]tr 45° 33 J; [0 10] 

y^y-^m\'^xmmvtim^(o^t^^m^^'^^i^^i^^ i^mi^tcm 
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^^3k^^ir. r -e. ttfia^M T (Dm^:^m i [ i o o ] :^\^izM 
UTO" :6^^90° (Of^mt:m^\^1t:i tti. (100) 
M 1^ -r T © ;^ tB] H i- 5 If ^ ^ # § iJi /gJ^ M + ^ S ^ a -c § fc 

feT'feSo 55j*3, 0^<Dfcib. ^mm-vh?>i^/i-=^:y^'^^>m^ (pb 

(Zx. Ti) O3) (PZT) X'f^Mb/cjE«m^{CoV>T<^^:J^[RlSl& 

^- Kfcil-rsm^^tfe^-a'^li: (kgi) Sr^4{j:#|BUfc„ J^iis, PZT 

©fea;^iRi 1 i)5o° -15° (ttj^©^t^i4d^6> 0° ±15° (ommtmm 
-e^ [10 0] i: ±15° i^j^F^^^^^^-r^H) 45± 5° (ttr 

at<^>^?5Jttd^b±45± 5° (D^mtm^X. fiP*> [ 1 1 0] ^iRli: ± 5° 

iiJLi^<Z)^S^:^.e-t-^ffl) (D^m-^h^ :i t :ast>d^So *fc. [ 0 1 0 ] ;^ 
15° m^(DMm^ib^^ 0" ±15° CO 1 0] :^mt± 
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(of^mtmm-(*. ip*> [i i o] :^\^t ±5° sip^iD^m^^-tf^m) 

^fc. _hia^iSFy-efi. [o o i] :^m^^m:^\^t u 

T. 13mmX 4 mmXO. 36mm©ff^:^>^S^^©ft:fe®@©®Sr [0 
0 1 ] :^}fllKm^-t^ (001) Bi^lJl-o \,^X0mts::^U^^mVfc7!)^. 
m 7 A,m 7 J;:XJ^m 7 Ciz.^ir±i^^i^<Di^m T (Dmm:^\pii 
0° ±15° :^xf^ 45° ±5° (DmmKio\,^x -h. :i 

PMN65/'PIN03-PT32 (Cal) ^^fa :Sl "O^ PMN68-PT32 
tvt)-<n>^;^:*-r (OOl) [100];^fpl 

^[0 10] :^lfli(Dm\^. [3 1 0], [2 1 0], [3 2 0] ^(^ffilt^O 

PMN65/'PIN03-PT32 (Cal) ¥5^^ PMN68-PT32 Srffi V^ T 

:^^i!imm'^m^m^(DWr'B-fdt. [31 0], [210], [320] 
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*fc. PMN65/PIN03-.PT32 (Cal) ^^^X 9 L^cff ft^^^* 

ij^vsiia (pb (zt, Ti) 03) j^ife^ (pzT) -cf^mufeffmm-7-{-Jt-<5 

l^iZ, PMN65/PIN03-PT32 (Cal) J^3^^:K^ffi V^TS{^:^^RIMll)^ — 
KflJ^ (?3£Em¥^^ ^f^^-T ^ it?) }il ^ 6 O^^fa^^^B Id^r-t 

5 iJ: [001] >^[ri(j: lOmm, [010] :;^[Ri:s.TJ« [100] ;&-(Rj a: t 4 

nun $ ^W^^ 4 mm X 4 mm X lOmmO^^^iE:^'^:^ 17 -1' — y 

40'C<Z)i/ y 3 [O Ol] O.lkV /mnKOM^M^ 

Jt^<^fcfe> PMN68-PT32 t |lI«<75f^JiSf<|r-gO !9 ttl 

^mmXh^ PMN65/PIN03 — PT32 (Cal) f^M bfcff 

m^t. it^mXh^ PMN68-PT32^3^^3&=^fef^i|abfc£Em^3^^m^F 
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(Pb (Zr, Ti) O3) m^i^ (PZT) -rf^MUfcJE«^^<^EE«#^4^C0V^ 

-rX.T-^7^-r-(HP^fc^.M«#-^:HP4194A) V>T|!E^ <Dff-#^ 
(«^^*t3lSfX^#^*^*&:EMAS-6008,6100 iCioX^ tti Ufc„ :ifc. 

JBEmS^^ (dss) 4^3$^*^ d 33 ^ — ;5r— (INSTITUTE of ACOUSTICS 

ACADEMIA SINICA M : PIEZO d 33 METER Model ZJ-30) ^^V^T. W.^ 

mSi)^^^ ^mnx-h^ PMN65/PIN03-PT32 (Cal) W-^^ib^hi^ 
X:h^i^/^^:=t>'^^ (Pb (Zr, Ti) O3) m^i^ (PZT) T?f^^Ufc 

mmm e 

^{31. PMN65/PIN03-PT32 (Cal) A^^ffi V^-C#ill Ufcii^I^lRl 

^ B {c^i- J: 5 [001] I^^lRltS: 2 O mm. [010] :^\^RX^ [ 1 0 
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0 ] :^Jfl\ i t. t^l 1 mm ^ 1 mm X 1 m m X20mm<D PMNeS/ 

PIN03 -PT32 (Cal) ^ ^ 17 ^ — y — {31 T »f U T f^JEg L. o 

- ©^^^sEzfe-^^ <^^fRi-r -5(001) ®-e^s_hT®t-^ mmmstmmti::^ 

fe-e. ^m^^^^MU. ^o^^^mi^*tHsf^.40'C©::^^'^'{^i3V>T Co 

^bTjEm*^^m^^#fco d^:&-sjim^^^^^^ 4oo^@^^v^, ^ 

— PMN68-PT32 W^^^mmi^MnLVtli)^ . ^ J V ^ . V 

f^j|^U:fe PMN65/PIN03-PT32 (Cal) Jfe 1 - 3 = 33^ 

^^I^Oi^/l-^^ V^^^ V-gUa (Pb (Zr, Ti) O3) j^^^ (PZT) 

JE«¥5^Sm^¥{|^Pdb-e<Dj:b^i:l^^. PMNeS/PINOS 
-PT32 (Cal) m^^;&-fef^MLfc 1-3 =i>';t?v^5' 

^:d5fltd^ae) .toX. PMN65/PIN03-PT32 (Cal) ^3^^ri> PMN68 
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-PT32 ?)<STOfca?)^^Jiett*&i?ttf^M-T?#>fev^ i 

7^=1 (Pb (Zr, Ti) O3) mf^i^ (PZT) T#imUfcff«^ 

:^tf-i5^v:^-T-^7-rif-(YHP*fc^. ^§#-1- : YHP4192A LF 
IMPEDANCE ANALYZER) ^^VNX#fCo :^fc.jEmM^I^ ( d y,) ti. ^ 

;fe*3. _h3^ bfc^Ji#!l 1 ~ 6 -C^*V^■rttt>> [Pb (Ca) (Mgi/aNb^/a) 
O3] 0.6S CPb (Ca) (In,/2Nbi/2) O3] 0.03 [P^ (Ca) TiOg] 0.32^^ (PMN65 
/PIN03-PT32 (CaD) leiOV^Ttftl^ UT # fc:as, -x' A 
|&(PMN(Ca)). >'v?Tj7A-:^:7"^^(PIN(Ca)). ^ ^-^^MPT (Ca) ) > 

^sj;!;^;^;/^-^!^-^ (Ca)^APSSr«>!r^H *3 it^-^^^ 

^'^7 A = :^:/^^(PMN(Ca))<^f^fc) = PZN(Ca) v» 

V^-^^ [PMN65/PIN03-PT32 (Cal)] ^ Jfe #14 ^ ^i" 5 U 
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mmm8 

[Pb (Ca) (Mgi/jNba/j) O3] o.ss (Ca) (In^/^Nbi/j) O3] 0.03 

[Pb (Ca) TiOj] 0.32^^ (PMN65/PIN03-PT32 (Cal)) (D@^#:lJ:,Mn, 
Cr, Sb, W, Al, La, LiXtJ^Ta d^b^feSi^d^^ilfitbfclXJi^l^t^TC^^ 
O.Smol ppni~5mol%Sr$bl^^Jnbfc^^ ^^:oV^T%. HJi^^ 3t l^^OMit - 
;^5feT?0^^f^J^U. PMN65/'PIN03-PT3 2 (Cal) tmU<D^m.^^X'm% 

-PT32 1 mm(Dm^^mm.mu^^^wc\s::,, jbrn^ntco Mn-^ cr 

MVtcm^i^n.m^^ffpM^Wi Qm f*. es.o I20.o~i50.o i:*S-^{ci^ 

_hb, Sb,W, La, Ta <7)^JP l;iJ;t)lt:^S^ e rd^. 3500 ^^6) 4300~4700 t 

X-T-^^-Y-r — (HP^tiii. ^S#-f- :HP4194A) V^XiE^ <^>ti-#^ 
^$t5|SfX||#:^^P^*g-:EMAS-6008.610O #M) t2:J:o-C^ ffl UfCo ^fc. it 

mn.^ E r«x m^w^jim^umM.^ ( emas-soos.sioo Kmrnv 

-rvt:°— :?'V;^•T•:^7-^'if — (HP^fcMs :HP4192A) V^T. 
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mmm3tmm<D:^^-^^Mi^^thfcmmm-r?^ ^ pmn65/pino3-pt32 

(Cal) PMN68 — PT32 I^IOV^T, :^:^[R]^'-KflJ 

(D^M:^M9(D No.l~5l<l^-fo ^9<D No.l iC^-f-J;5tJ:> ^m^W:U^f>^2 

^^WiKifi- ^^^^ PMN65/PIN03-PT32 (Cal) m^tit^m(D PMN68 
-PT32^^ft. ^tl^fl. 2 5 % i: 2 0 Kffi<Z> 
m^(D#i4i:U-Cf4^+^T-fcofc„ M:k.X. :$^@^SmildU5'CT% 180 ^ 

m:^mK]M.^ir?>:^i^ (^;^iR]^ft^-K) (Dm.m.mm^^m^Ki ^ 

mM(D PMN65XPIN03-PT32(Cal)m^i: Jt^^!l(^ PMN68-PT32 ^^f^i. 
^tl^fl. 3 2%t 3 rO^^-fig^Oi® ?S.^E (250*0 -e. 

rtLf*. m^^TXn^l^m (^.—^^'-#— Mover pole)) ^m^LV. JE 
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~ioi^:^-ro «9© i^o.e\z^i-i:^\zWMm-^i)^ 350V/mm *i|-ef*^ 

^iRitsiE^-rs^iRi («i^i^^a^-K) (Dmm.m^^^^wi:Ki ^.^^ 

m<D PMN65/PIN03-PT32 (Cal) t if^m(0 PMN68-PT32 m^\^. 

^+:$^-e&ofc„iPxL-c> gi;bB«#;6S300V/mmi?^ 180 ^X^-hm\'^W7sam 

ra^^:*3V^-C^*^ ^I^^SIO PMN65yPIN03-PT32(Cal)^^i! J:bi!^^<Z) PMN68 

-PT32 m^^i^. M^^:^g:v^«^mM^'a■'mllck3lU^^#^tt^fe}5=^ofclo 

— ^s^9(0 No.lO Oj;5l!:N3i0m#d5 1500V/mm Sr^X.5^^^ l-iH 

3g-t-6:>^[R] (^::&[R]Mllj^— K) <Dmn.mWL^^^^Ki f*^5^^<^ pmn65 

/'PIN03-PT32 (Cal) ^ Jt$5E|^<^ PMN68-PT32 m-?" fi. 

rtbf*. ^^#T-^rim^5-^(:^— Jl^-/Hover pole)) ii^m.^^. 
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^hK.^mm(0 ?mS5/?im3-?T32 (Cal) ^ ifcg^^J © PMN68 

^TcSX±(D 200'X:i:^mmmm) OiyV^^l^^^^^^'^X'. 300~1600V/mm 

No.ll~15tC^-f-o 

m9<D No.ll<^J;5l^S3Jnm#dS 350V/mm ^mx^-^^ ^U:^\^KW.^ 
•t^:^m (^:*^(R]Mft^-K)0«^aftfe^-B'#^k3, f^,B8^^J<^ PMN65/ 
PIN03-PT32(Cal)^^i: Jtlfe^CD PMN68 — PT32 ^^f*, ^tb^tl/ 3 5 

^x. ^ApmJ?•;^300V/mm-t?l005>J;!?1>Mv^^^q^ra^^:*3v^-c^*.^eg^5^l 

O PMN65/PIN03-PT32 (Cal) i Jfc i|S^^J PMN68-PT32 

l50J;5{-R];!jP«#dS i500V/mm tr^;t^is :9-^:fe-lR] {cil:^-t-5;^lR] 
:;^[Rl^ib^-K)©«^afefe^-a'#iCk3,t'±, ^W^J<^ PMN65/PIN03- 
PT32 (Cal) it^^ryo PMN68-PT32 ^-i^^f^i. ^tU^tt4 0%. 3 

_blBtDj;5l-s^5^^5tlt?*>5 PMN65/PIN03-PT32 (Cal) *^^Jt^ 

^?l|t?*>5 PMN68-PT32 *^*^^:]liIE;fc:$^•^^#oSiffl{^:*3V^■r. iat£|^ 
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0. l-'64. 9mol%. ^ M.^:^'^m^ [Pb Un^y^Hh^^^) O3] : 0. 05~ 
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